Landslide is one of the major geotechnical problems in the mountainous regions. Pore water pressure is one of the main factors which affect the shear strength of the soil at the slip surface, thereby making the slope more unstable. Therefore, it is necessary to predict groundwater table to forecast the stability of a slope. Further, in order to understand the groundwater fluctuation, it is necessary to know the hydraulic properties of the landslide soil. Hydraulic conductivity and soil-water retention function of landslide material are the two most important factors determining the seepage flow characteristics. As the fracture-zone landslides are highly discontinuous due to existence of cracks through which major groundwater flow occurs, the use of experimentally measured soil hydraulic parameters are quite limited. This article attempts to find a suitable method to estimate these properties using the rainfall and groundwater level measured in-situ using finite element method. In order to achieve this, parametric analysis was done considering multilayered soil matrix. The result of analysis was applied to an actual landslide and it was found that agreeable groundwater fluctuation can be obtained by assuming homogeneous soil properties with multilayered system. Key words : fracture-zone landslide, groundwater level prediction, seepage flow simulation, soil hydraulic properties factor influencing the seepage flow, the hydraulic conductivity of soil, is a challenging soil hydraulic property to describe because it can change many orders of magnitude over short distances (Sobieraj et al., 2003) .
factor influencing the seepage flow, the hydraulic conductivity of soil, is a challenging soil hydraulic property to describe because it can change many orders of magnitude over short distances (Sobieraj et al., 2003) .
The geologic materials are almost always heterogeneous. The small-scale features being immaterial at a larger scale (Vogel et al., 2003) , hydraulic properties measured with more and more precision at few places will not sufficiently represent the whole landslide. Consequently, indirect estimation of soil properties from field data may be more relevant, especially for fracture zone landslides where heterogeneity is high. Empirical methods can be applied to predict soil hydraulic properties using soil porosity, particle size distribution data etc. Soil-water retention being relatively easier to compute experimentally than the soil hydraulic conductivity, the later can be predicted by various models.
Among them, Brooks and Corey (1964) , van Genuchten (1980) , Burdine (1953) , Mualem (1976) are a few models which are used to predict the hydraulic conductivity from the pore size distribution and water retention data.
As the groundwater flow mostly occurs through cracks in the fracture zone landslide the soil hydraulic properties obtained experimentally may not represent the whole landslide area. Using such data directly in the seepage analysis may not yield suitable results. So, the present research attempts to find the hydraulic properties of soil using the rainfall data and the groundwater level in the field. To estimate the soil properties, various field data such as rainfall, groundwater level, borehole log etc.
can be used. However, the first step will be to comprehend the influence of different soil hydraulic properties to the seepage flow.
Recently, there has been many research works related to seepage analysis in the landslide area using numerical methods with the advent of numerous commercially available softwares. 
Research methodology
According to Koide (1955) The landslides in the fracture zone are quite complex, however. Some of the landslides were analyzed for the actual geometry and simplified geometry assuming the same hydraulic properties and rainfall condition. The results were found to be very much similar.
So, for the present analysis a simplified geometrical section was considered for both the parametric analysis and the analysis of real landslide. The Yuzurihara landslide, which consists of colluvium and highly fractured rock and slightly fractured rock layers as the depth increases, can be considered as a typical landslide in the fracture zone. The detail of the case study is presented in the section 4.
Governing equations
Water flow in unsaturated or partly saturated soils can be described with the Richards' equation (Richards, 1931) as (1) where 
where, H=total head, kx, ky =hydraulic conductivity in the x and y-direction respectively, Q =applied boundary flux, 0=volumetric water content, t=time
Since both the hydraulic conductivity and soil-water retention are the function of head, Eqn. (2) For the present analysis different slopes of 200m length was used (Fig.1) . Hydraulic conductivity and soil-water retention function and input rainfall and boundary head (GWL) at the upstream were varied to produce different scenarios. Table 1 shows the different parameters and their values used in the analysis.
In the case of comparing the effect of change in boundary groundwater level the upstream boundary head was varied, however it was kept constant in all the other cases. The downstream boundary was kept as free flow boundary (Fig.1 ). The initial condition was calculated by applying uniform rainfall of 4mm for each scenario to achieve stable hydraulic condition in the mesh elements. The analysis was done for 50 days for each case.
A typical result of groundwater variation with time for four materials with different hydraulic conductivities is shown in Fig.2 . Similarly, result of analysis of a Table 2 shows the values of different parameters of top layers used in the analysis.
100mm/day of rainfall for initial one day was applied in each case.
The results of the analysis with two layer matrix can be summarized as follows. For a three layered scenario (Fig.10) , we need to consider the effect of the hydraulic properties of the As landslides in the fracture zone are never homogeneous, consisting of more than one layer, it is necessary to use the result of analysis of two-layered and three-layered matrix explained in the previous section .
The following case study done for the Shimokubo block of Yuzurihara landslide clarifies the method of seepage simulation. Rainfall is being measured daily while groundwater levels at various boreholes are being measured manually once in a week. As can be seen in Fig.17 , variation of groundwater level is very small. The difference between maximum and minimum groundwater level is less than 2m. Even after intense rainfall the fluctuation in groundwater level is not remarkable.
Experimental analysis of soil properties
Experimental data on soil hydraulic properties were available for Kayakabu block only. Samples from borehole made by using jet-foam boring method were used Table 3 and corresponding graph is shown in Fig.22 .
Conclusions
The present research is aimed at finding appropriate method for simulation of groundwater flow with seepage simulation software using the result of parametric analysis. We analyzed the effect of different parame- Fig. 21 Typical difference between the simulation results of two-layered and three-layered scenarios The results of analysis can be further verified and supported by the borehole data. However, the borehole log does not suffice to interpret the exact depth of different layers and the other material properties. Hydraulic properties of the surface layer and the layer beneath it, which is the most conductive layer, play a major role in groundwater fluctuation.
